Screening for chlamydia in women is widely recommended. We evaluated the performance of two nucleic acid amplification tests for detecting Chlamydia trachomatis in self-collected vulvovaginal-swab and first-catch urine specimens from women in a community setting and a strategy for optimizing the sensitivity of an amplified enzyme immunoassay on vulvovaginal-swab specimens. We tested 2,745 paired vulvovaginal-swab and urine specimens by PCR (Roche Cobas) or strand displacement amplification (SDA; Becton Dickinson). There were 146 women infected with chlamydia. The assays detected 97.3% (95% confidence interval [CI], 93.1 to 99.2%) of infected patients with vulvovaginal-swab specimens and 91.8% (86.1 to 95.7%) with urine specimens. We tested 2,749 vulvovaginal-swab specimens with both a nucleic acid amplification test and a polymer conjugateenhanced enzyme immunoassay with negative-gray-zone testing. The relative sensitivities obtained after retesting specimens in the negative gray zone were 74.3% (95% CI, 62.8 to 83.8%) with PCR and 58.3% (95% CI, 46.1 to 69.8%) with SDA. In community settings, both vulvovaginal-swab and first-catch urine specimens from women are suitable substrates for nucleic acid amplification tests, but enzyme immunoassays, even after negative-gray-zone testing, should not be used in screening programs.
Screening for Chlamydia trachomatis in sexually active young adults is recommended as an essential component of infection control for genital chlamydial infections (10, 11) , which are the most commonly reported bacterial sexually transmitted infections in the United Kingdom and United States. The increasing availability of nucleic acid amplification tests for C. trachomatis diagnosis has facilitated screening by use of urine and, for women, vulval or vaginal specimens. Many studies have compared the sensitivities obtained with first-catch urine and vulvovaginal-swab specimens from women, and some have found a slight advantage for swabs (2, 14, 24, 25, 33) . Using the Amplicor PCR (Roche Diagnostics, Basel), the ligase chain reaction (Abbott Laboratories), and transcription-mediated amplification (APTIMA, Gene-Probe Inc., San Diego, CA) on firstcatch urine specimens, Schachter et al. observed a combined sensitivity of 81%, compared to 93% for vulvovaginal-swab specimens and 91% for endocervical-swab specimens (25) .
Large population-based screening studies in Europe have used both urine (32) and vaginal (1) specimens obtained from women but have not directly compared the performances of these specimen types.
There is widespread agreement that nucleic acid amplification tests have superior sensitivity compared with antigen detection tests (4, 17) . They are also considerably more expensive, and the costs might be prohibitive for large-scale screening programs. Chernesky recently commented that tests such as the IDEIA polymer conjugate-enhanced (PCE) enzyme immunoassay (EIA; Dako, Ely, Cambridgeshire, United Kingdom), which includes an amplification step to improve sensitivity (4, 16, 23, 29) , deserved more critical evaluation (4) . Studies from Japan have found that the IDEIA test performed well when used with vulvovaginal swabs (29, 30) . Neither of these studies used negative-gray-zone testing, which involves retesting specimens with optical densities just below the cutoff point for a negative test with a nucleic acid amplification test. This strategy can further improve the sensitivities of enzyme immunoassays (9, 31) .
The objectives of this study were to compare the performance of tests using vulvovaginal-swab specimens with that of tests using first-catch urine specimens for detecting C. trachomatis by using nucleic acid amplification tests with asymptom-atic women in a community setting and to determine whether an enhanced enzyme immunoassay with negative-gray-zone testing on vulvovaginal-swab specimens was sufficiently sensitive for use in screening programs.
MATERIALS AND METHODS
Study population. The Chlamydia Screening Studies project was a large population-based study which has been described in detail elsewhere (15, 18, 19, 20) . In brief, a random sample of men and women aged 16 to 39 years from 27 family practices in and around Bristol and Birmingham, United Kingdom, was invited to participate by postal mail. Women were asked to collect 25 ml of early-morning first-catch urine in a universal container and to apply to the vulvovaginal area a double-headed cotton swab on a plastic shaft (Technical Service Consultants, Heywood, Lancashire, United Kingdom), which was transported dry. The urine specimens and vulvovaginal swabs were sent in approved packaging to the study laboratories by using first-class, prepaid envelopes. The samples were accompanied by a questionnaire which recorded time and date of specimen collection and brief demographic and sexual behavioral details.
Laboratory methods. The urine and vulvovaginal-swab specimens were tested either by a Cobas Amplicor CT Test PCR assay (Roche Diagnostics, Basel, United Kingdom) at the Bristol laboratory or by a Becton Dickinson ProbeTec ET DNA strand displacement amplification (SDA; Becton Dickinson and Company, Franklin Lakes, New Jersey) at the Birmingham laboratory. We followed the manufacturers' instructions, except that specimens with initially inhibitory results were retested with a different nucleic acid amplification test. The procedures for processing vulvovaginal swabs were the same as those recommended by the manufacturers for cervical swabs. At the Birmingham laboratory, the Roche Cobas PCR was used for retesting. At the Bristol laboratory, retesting was done using either the Becton Dickinson SDA or an in-house real-time PCR, owing to technical problems with the SDA assay, which we have described before (15) .
All vulvovaginal swabs were also tested using an IDEIA PCE EIA (Dako, Ely, Cambridgeshire, United Kingdom). The cutoff value was calculated by adding 0.05 absorbance units to the mean value of the negative control values. A sample was regarded as being in the negative gray zone if it fell within 0.025 absorbance units below the calculated cutoff.
Specimen handling and storage. We divided first-catch urine specimens into two aliquots upon their arrival at the laboratory. At the Bristol laboratory, 1 ml of urine was removed for Cobas PCR testing, and at the Birmingham laboratory, a urine preservation pouch was added to 15 ml urine for subsequent Becton Dickinson SDA testing. The remaining urine was stored at 4°C until the results were available.
The double-headed swabs were separated upon their arrival in the laboratory: one swab was processed for nucleic acid amplification testing and the other for PCE EIA. At the Bristol laboratory, 1 ml 2-sucrose phosphate was added to one swab and eluted by vortexing, and 100 l was removed for Cobas PCR testing. At the Birmingham laboratory, one swab was placed into a prefilled (2-ml) swab sample diluent tube, mixed by swirling it in the diluent for 5 to 10 seconds, expressed by pressing it along the inside of the tube, and then removed. This swab was then tested using the Becton Dickinson SDA. At each site, the other swab was placed in 1 ml of the enzyme immunoassay specimen diluent, eluted by vortexing, and tested according to the PCE EIA protocol. The residual of the PCE EIA eluate was kept at 4°C until the results were available. If retesting was required, we used the stored, untreated urine specimen or, for vulvovaginal swabs, the PCE EIA extract. Once all results were available and inhibitory specimens retested, the residual specimens were stored at Ϫ20°C.
Diagnostic strategy. All vulvovaginal specimens were tested using two biologically independent methods (a nucleic acid amplification test and an enzyme immunoassay). Urine specimens were tested only by the nucleic acid amplification test. We used different nucleic acid amplification tests to resolve the results for discordant specimens.
Patient infection status. True-positive and -negative results were determined according to an algorithm that required concordant results from two separate tests. A patient was considered positive if the result for a reactive nucleic acid amplification test on the vulvovaginal swab was confirmed by a reactive PCE EIA, the result for a reactive PCE EIA on the swab specimen was confirmed by a nucleic acid amplification test on either specimen type, or the result for a reactive nucleic acid amplification test on a swab or urine specimen was confirmed by another nucleic acid amplification test. A patient was considered negative if the results for the initial nucleic acid amplification test and the PCE EIA were negative.
Specimens that were initially inhibitory were retested using a different nucleic acid amplification test until a final result was obtained. PCE EIA was considered negative if the absorbance value was below the negative gray zone or if it was within the negative gray zone and negative by a nucleic acid amplification test. Statistical analysis. For each testing strategy, we calculated the sensitivity, specificity, and predictive values with 95% confidence intervals (CI) relative to the combined standard defining true-positive and -negative results. We present the performance characteristics of nucleic acid amplification tests following retesting of inhibitory specimens and excluding the inhibitory specimens. For PCE EIA, we present the results obtained following negative-gray-zone testing and those determined as if all results in the negative gray zone had been considered negative.
RESULTS
A total of 2,754 women sent samples to a laboratory (1, 479 to the Bristol laboratory, 1,275 to the Birmingham laboratory). Paired vulvovaginal-swab specimens and first-catch urine specimens were available for 2,745 different women (1,476 in the Bristol laboratory, 1,269 in the Birmingham laboratory). All nine single specimens (four swab specimens, five urine specimens) were confirmed as negative. There were 146 true-positive results (74 in the Bristol laboratory, 72 in the Birmingham laboratory). Table 1 shows how the final positive results were confirmed.
Vulvovaginal-swab specimens compared to first-catch urine specimens. After the results for inhibitory specimens were resolved, the performances of both nucleic acid amplification tests on the two specimen types were virtually identical, with closely overlapping confidence intervals: for vulvovaginal-swab specimens, the relative sensitivity for the Cobas PCR was 97.3% (95% CI, 90.6 to 99.7%), and that for the SDA was 97.2% (95% CI, 90.3 to 99.7%); for urine specimens, relative sensitivity for the Cobas PCR was 90.5% (95% CI, 81.5 to 96.1%; 67/74), and that for the SDA was 93.0% (95% CI, 84.5 to 97.7%; 67/72). We therefore combined the results to increase precision (Table 2) . Using vulvovaginal-swab specimens correctly identified 142/146 true-positive specimens (relative sensitivity, 97.3%; 95% CI, 93.1 to 99.2%), compared with 134/146 identified using urine specimens (relative sensitivity, 91.8%; 95% CI, 86.1 to 95.7%). For both specimen types, relative specificity was 99.6% or higher.
Overall, 233 vulvovaginal-swab and 277 urine specimens were initially inhibitory. Almost all inhibitory swab specimens occurred with Cobas PCR: 232/1,475 (15.7%; 95% CI, 13.9 to 17.7%) compared with 1/1,269 (0.08%; 95% CI, 0.002 to 0.4%) for SDA. There were also more inhibitory urine specimens with Cobas PCR: 192/1,476 (13.0%; 95% CI, 11.3 to 14.8%) compared with 85/1,269 (6.7%; 95% CI, 5.4 to 8.2%) for SDA. If inhibitory results had not been resolved, testing using the Cobas PCR system would have failed to identify 10.8% (95% CI, 4.8 to 20.2; 8/74) of true-positive results for vulvovaginalswab specimens and 4.1% (95% CI, 0.8 to 11.4%; 3/74) truepositive results for urine specimens. If inhibitory results with Becton Dickinson SDA had not been resolved, all true-positive vulvovaginal-swab specimens would have been picked up but 2.8% (95% CI, 0.3 to 9.7%; 2/72) true-positive urine specimens would have been missed.
PCE EIA compared with nucleic acid amplification tests on vulvovaginal-swab specimens. Of all 2,754 women who responded, paired samples were available for 2,749 different women. There were five specimens with only a PCE EIA result recorded, all of which were confirmed negative. The perfor-mances of PCE EIA differed somewhat between laboratories. Although this might have been due to chance (test for heterogeneity, P ϭ 0.575), we have presented the results separately (Table 3) . Of 74 true-positive specimens at the Bristol laboratory, PCE EIA correctly identified 52 (relative sensitivity, 70.2%; 95% CI, 58.5 to 80.3%). After repeat testing by Cobas PCR of 10 specimens with optical-density readings in the negative gray zone, the relative sensitivity increased to 74.3% (95% CI, 62.8 to 83.8%; 55/74) and specificity was unchanged (relative specificity, 98.8%; 95% CI, 98.1 to 99.3%).
In the Birmingham laboratory, PCE EIA identified 39/72 true-positive results (relative sensitivity, 54.2%; 95% CI, 42.0 to 66.0%) ( Table 3) . After the specimens in the negative gray zone were tested by SDA, the relative sensitivity of the PCE EIA test increased slightly, to 58.3% (95% CI, 46.1 to 69.8%; 42/72).
DISCUSSION
In this large population-based screening study, we found that two different nucleic acid amplification tests performed well with both self-taken vulvovaginal-swab and first-catch urine specimens. The numbers of inhibitory samples for the Roche Cobas PCR system (16% for vulvovaginal-swab specimens, 13% for urine specimens) were higher than those for the Becton Dickinson ProbeTec SDA (less than 0.1% for swab specimens, 7% for urine specimens). The sensitivity of the amplified IDEIA PCE EIA test was too low to recommend its 
Total 72 a NGZ, negative gray zone. use in screening programs, and testing of specimens in the negative gray zone did not improve performance appreciably. The strengths of this study are that it was a large populationbased study looking at largely asymptomatic individuals not seeking health care, testing was carried out prospectively under routine laboratory conditions, and we compared the performances of different diagnostic tests on vulvovaginal specimens (19) . The availability of two specimen types allowed us to use the status of the infected patient, rather than the infected specimen, as the reference standard. This can result in a higher positive yield but also in lower sensitivities for individual tests but provides a more realistic estimate of test performance. The advantages and disadvantages of different definitions of infection status have been discussed by Shrier et al. (27) . The main disadvantage of this study is that we did not retest all specimens with negative results. Nevertheless, we accepted as true only the negative specimens that were negative from two sites and by two different tests. This avoids some of the important problems of discrepant analysis.
Many authors have advocated the use of self-taken vulvovaginal-swab specimens as suitable, acceptable, convenient, and effective in screening for C. trachomatis in a variety of clinical settings (5, 25, 26) . Our study also showed that vulvovaginal-swab specimens collected at home and mailed to a laboratory are suitable diagnostic specimens for use with nucleic acid amplification tests. Currently, however, only the APTIMA system (Gene-Probe Inc., San Diego, CA) is approved for use with vulvovaginal specimens. At the time of the study, neither manufacturer for the tests that we evaluated had a protocol for processing vaginal swabs, so we used that for cervical swabs. Swabs can be transported dry at room temperature for the BD ProbeTec assay, but this is not recommended for the Roche PCR. Gaydos et al., however, have found that this assay performs well with both wet and dry vulvovaginal swabs when transported at 4°C (12, 13) . Urine specimens were also not transported according to manufacturers' recommendations. However, we found no strong evidence for a fall in chlamydia positivity after storing female urine and vulvovaginal-swab specimens for up to 48 h (19) or after delays exceeding 96 h in testing male urine specimens (15) . Taken together, these observations suggest that there is good nucleic acid stability for both vulvovaginal-swab and first-catch urine specimens stored at room temperature over a few days. As with health facility-based studies, we found slightly more positive results with vulvovaginal than with urine specimens. Despite the large numbers of specimens tested, no single study has been able to say conclusively whether or not vulvovaginal swab specimens are superior to urine specimens. A systematic review and meta-analysis of studies comparing the performances of self-collected vulvovaginal and urine specimens would be needed to resolve this issue.
The acceptability of vulvovaginal specimens to women is likely to depend on the settings and circumstances in which they are collected. In sexually transmitted disease clinics and other clinic settings in which women are likely to be expecting a physical and/or genital examination, women have expressed a preference for vaginal-swab specimens taken by clinicians (21) or by themselves (5), compared with a preference for having a pelvic examination. Self-taken vaginal swab specimens were also preferred to urine specimens in one study (5) , but urine specimens were preferred to clinician-taken vaginal specimens in another (21) . Our study was conducted under very different conditions. Women who were not seeking health care received specimen collection kits and instructions at home. We conducted qualitative, in-depth interviews with a random sample of these women to explore their feelings (19) . Some women said that they felt more uncomfortable taking the vulvovaginal than the urine specimen, and a few said that the request for a vulvovaginal specimen contributed to their decision not to take part in the study. If specimens are being collected at home, therefore, any technical advantage of vulvovaginal specimens over urine specimens might be offset by negative attitudes toward the method of specimen collection. Gaydos et al. found that, among women responding to an offer of chlamydia testing with home-collected, mailed vulvovaginalswab samples, women who returned the specimen said that using the swab was their preferred method, while those who did not return a specimen preferred urine specimen collections or pelvic examinations (13) .
From the point of view of the laboratory, vulvovaginal swabs have also been promoted because processing them does not require a centrifugation step (24) , and suboptimal processing of urine samples could lead to false-negative results (15) . The empirical data that we obtained in the ClaSS project suggests that the potentially faster specimen processing time for swabs might not be important in practice. In time and motion studies conducted on 15 separate occasions at different times of day, the times taken to process urine and vulvovaginal-swab specimens were similar: 4.4 min for swab specimens and 6.6 for urine specimens tested by Cobas PCR and 3.6 min for swab specimens and 3.3 min for urine specimens tested by SDA (19) . We found that using an amplified enzyme immunoassay with negative-gray-zone testing by a nucleic acid amplification test on vulvovaginal swab specimens was not adequate for widespread screening in the general population. We tested the strategy of negative-gray-zone testing with that of the PCE EIA test to optimize the performance of an enzyme immunoassay. The best results were obtained in the Bristol laboratory, where Cobas PCR was used to retest specimens with results in the negative gray zone. The relative sensitivity of 74% was similar to the results for the same strategy used on male firstcatch urine specimens in the same laboratory (15) . This falls short of the 80% lower limit recommended by recent Clinical Effectiveness Group guidance and precludes the use of enzyme immunoassay results in the United Kingdom (7) .
Inhibitory products in clinical specimens are well recognized as being a problem for nucleic acid amplification tests, and reported rates of inhibition can reach levels that compromise the sensitivity of the assay (3, 8, 12, 22, 28) . High rates of inhibition have previously been documented with both assays and in both specimen types, but the findings are contradictory. Our results are consistent with those of a laboratory study using specimens artificially spiked with known quantities of C. trachomatis (6) . Chernesky et al. found rates of inhibition with the Roche PCR similar to those found in our study: 10 to 13% in vulval, urine, and cervical specimens. Furthermore, with the BD ProbeTec, inhibition was more common in urine (27%) than vulval-swab (2%) specimens. The APTIMA Combo test showed low rates of inhibition in all samples (6) . However, Cosentino et al. reported inhibition in about 25% of vulvalswab specimens transported dry and tested by the BD ProbeTec (8) . One potential explanation is the use of dry vulvovaginal swabs transported at room temperature. Gaydos et al., however, did not encounter this problem when using a similar protocol with the Roche PCR (13) . High inhibition rates might also represent specimen-associated factors or problems with certain batches of kits (28) . Both of the tests that we evaluated include an internal control to detect inhibitors, but retesting is costly. One alternative is to issue no result and request a second sample, but this also requires testing and delays the definitive result for the patient. Most inhibitory specimens will be negative on retesting, and it has been suggested that the inhibitory control has a minimal impact on test performance (8) . In our study, however, 1 in 10 positive vulvovaginal-swab specimens tested by the Cobas PCR would have been missed if no result had been issued and a second specimen could not be obtained.
In conclusion, both vulvovaginal-swab and first-catch urine specimens tested using nucleic acid amplification tests perform well in identifying women in the general population infected with C. trachomatis. A systematic review and meta-analysis of studies comparing these specimen types is required to determine definitively which female specimen has the best performance characteristics. Enzyme immunoassays, even with strategies to maximize sensitivity, are not suitable for chlamydia screening for women in community settings.
